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TECHNICAL MEMORANDUM 


ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE (STS-27) LAUNCH 

I. INTRODUCTION 


This report presents an evaluation of the atmospheric environmental data taken during the 
launch of the Space Shuttle/STS-27 vehicle. The Space Shuttle vehicle was launched from Pad 
39B at Kennedy Space Center (KSC), Florida, on a reference bearing of 39-deg east of North, at 
1431 UT (931 EST) on December 2, 1988. 

This report presents a summary of the atmospheric environment at launch time (L + 0) of 
the STS-27, together with the sequence of prelaunch Jimsphere-measured winds aloft profiles from 
L-3.42 hr through liftoff. The general atmospheric situation for the launch and flight area is 
described, and surface and upper level wind/thermodynamic observations near launch time are 
given. Since the ship Redstone was unavailable for STS-27 duty, the SRB descent/impact atmos- 
pheric data were not taken. However, one can use the STS-27 ascent data for SRB studies as the 
best substitute. 

Previous MSFC-related launch vehicle atmospheric environmental conditions have been pub- 
lished as Appendix A of individual MSFC Saturn Flight Evaluation Working Group reports [1], 
Office memorandums have been issued for previous flights giving launch pad wind information. A 
report has also been published [2] which summarizes most launch atmospheric conditions observed 
for the past 155 MSFC/ABMA-related vehicle launches through SA-208 (Skylab 4). Reports 
summarizing ASTP, STS-1 through STS-51L launch conditions are presented in References 3 
through 22, respectively. Table 1 gives the atmospheric L + 0 launch conditions for all the Space 
Shuttle Missions. 


II. SOURCES OF DATA 


Atmospheric observational data used in this report were taken from synoptic maps made by 
the National Weather Service, plus all available surface observations and measurements from 
around the launch area. Upper air observations were taken from balloon-released instruments sent 
aloft from Cape Canaveral Air Force Station (CCAFS). High-altitude winds and thermodynamic 
data were measured by the Super-Loki rocketsondes launched from the CCAFS. Table 2 presents a 
listing of systems used to obtain the upper level wind profiles used in compiling the final ascent 
atmospheric data tape. Data cutoff altitudes are also given in Table 2. 


III. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME 


A very cool dome of high pressure was building southeastward over the KSC area during 
the launch of STS-27. Surface winds were light and mostly from the northwest during the 
countdown. Figure 1 presents the surface map 2 hr and 31 min before launch of STS-27. Strong 
westerly winds dominated the flow aloft over the KSC area. Figure 2 shows the wind aloft con- 
ditions at the 500 mb level 2 hr and 31 min before launch. 

Clouds were scattered over Florida prior to the launch of STS-27. Figure 3 depicts the 
GOES-7 visible picture at 1431 UT (the time of liftoff) with the 500-mb heights and wind barbs 
superimposed. Figure 4 presents an up-close visible shot of the Florida peninsula as recorded by 
GOES-7, taken also at 1431 UT. 

Strong winds aloft produced load exceedances at high altitudes which were responsible for a 
24-hr delay of STS-27. 

IV. SURFACE OBSERVATIONS AT LAUNCH TIME 


Surface observations at launch time for selected KSC locations are given in Table 3. 
Included are pad 39B, shuttle runway, and CCAFS balloon release station observations. Neither 
precipitation nor lightning was observed at launch time. 

Table 4 presents pad 39B wind data along with other standard hourly atmospheric mea- 
surements and sky observations for the 6-hr period prior to launch of STS-27. Values for wind 
speed and direction are given for the 18 m (60 ft) pad light pole level. 


V. UPPER AIR MEASUREMENTS DURING LAUNCH 


The FPS-16 Jimsphere (1446 UT), MSS Rawinsonde (1630 UT), Super-Loki Rocketsonde 
(1601 UT), and Super-Loki Robin (1533 UT) systems were used to measure the upper level wind 
and thermodynamic parameters for STS-27 launch. At altitudes above the rocket-measured data, the 
Global Reference Atmosphere (GRA) [23] parameters for December KSC conditions were used. A 
tabulation of the STS-27 final atmospheric data for ascent is presented in Table 5 which lists the 
wind and thermodynamic parameters versus altitude. A brief summary of parameters is given in the 
following paragraphs. 


A. Wind Speed 

At launch time wind speeds were 25.5 ft/sec (15.1 kn) at 60 ft and increased to a maximum 
of 187 ft/sec (110.7 kn) at 40,200 ft (12,253 m). The next measurable maximum wind speed was 
263 ft/sec (444.2 kn) at 157,000 ft (47,854 m) and 158,000 ft (48,158 m). The winds remained 
below this maximum through the 253,000 ft (77,1 14 m) level which was the altitude of the last 
measurable wind speed. The left side of Figure 5 shows a plot of wind speed versus altitude. 
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B. Wind Direction 


The 60- ft wind direction was from the northwest (314 deg) at launch time and shifted to a 
northerly component at 1400 ft (427 m). The winds fluctuated from the north to northeast to 
around 5600 ft (1707 m) where they began to return to a more northwesterly direction. Winds were 
north to northwesterly above this level to about 21,000 ft (6401 m) where winds became westerly. 
Above this level winds oscillated from west to west southwest. Winds returned to a northerly 
component around 253,000 ft (77,114 m) which was the last measurable directional height. Figure 
5 depicts the complete wind versus altitude profile specifying wind direction on the right side. 


C. Prelaunch/Launch Wind Profiles 

Prelaunch/launch wind profiles given in Figures 6 through 9 were measured by the Fm 
sphere FPS-16 system. Data is shown for four measurement periods beginning at L-3.4 hr and ex- 
tending through L+ 15 min. 

The wind speed and direction profiles for the L-3.4 hr period prior to and including L+ 15 
min are shown in Figures 6 and 7. The in-plane and out-of-plane profiles are shown in Figures 8 
and 9. The in-plane component wind speeds were less than the December mean wind values about 
20,000 ft (6096 m) and greater than the mean wind value above this altitude. The out-of-plane 
wind speeds were generally greater than the December mean values but well within the 90 percent 
profile envelope. 


D. Thermodynamic Data 

The thermodynamic data, taken at STS-27 launch time, consisted of atmospheric tempera- 
ture, dew-point temperature, pressure, and density. These data have been compiled as the STS-27 
ascent atmospheric data and are presented in Table 5. The vertical structure of temperature and 
dew-point temperature for STS-27 ascent are shown graphically versus altitude in Figure 10. 


E. SRB Upper Air and Surface Measurements 

As has been mentionned in the introduction, since there was no ship available, an SRB 
descent atmospheric data tape has not been constructed. The tabular values for the ascent atmos- 
pheric tape, as presented in Table 5, should be used for SRB descent/impact studies since it is the 
closest measured data source. 
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TABLE 2. SYSTEMS USED TO MEASURE UPPER AIR WIND DATA FOR STS-27 ASCENT 
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TABLE 3. SURFACE OBSERVATIONS AT STS-27 LAUNCH TIME 
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Pad 39B thermodynamic measurements are taken at camera site No. 3, approximately 6.4 m (21 ft) above MSL. 
Official STS-27 sky observational site. 




oa 

O' 

m 

Q 

< 

o, 

U 

C/5 

I 

u 

z 

p 

< 

p 


c3 

C/3 

H 

Z 

W 


X td 
O £ 
P P 


o 

OS 

X 

H 

X 

u 

z 

p 

< 

p 

I 

UJ 

C* 

CL 

r- 

(N 

i 

C/3 

H 

C/3 


C/3 

< 

w 

S 

y 

5 

w 

s 

O, 

C/3 

O 

s 

H 

< 


) 


r \ r 

tu 

CD 

< 

H 




m 










X 










Pm 










cd 










G 










0 










X 










L 










0 










X 










+■> 










o 










/ — ■, 










C/5 'X 

o 

o 

o 

o 

O 

o 

© 



H E 

rH 

rH 

rH 

rH 

H 

rH 

rH 



> C/ 








43 

t- 

«3 >» 9 



o 

rH 

o 

o 

rH 

o 

rH 

o 

rH 

G 

-M _ 

* ^ 





• — * 


\ 

O 

•rH 

•M 

° CO ° 

H W U 

o 

O 

rH 

CM 

CO 

CO 

rr 

y 










c 







U-t 

C4M 

lt-M 

o 

u 






o 

© 

o 

© 






o 

o 

CD 

o 







o 

o 

o 

o 

>» 









IN 







o 

o 

o 

o 

CO 






co 

CO 

CO 

CO 







X 

•a 

•d 

73 







G 

G 

G 

G 







cd 

cd 

cd 

0 



05 



<4H 

o 

o 

o 

© 



X 



O 

o 

o 

o 

O 



3 



O 

o 

o 

o 

CO 



O 



m 

IN 

r 

•N 

IN 



5 



CO 

in 

m 

in 






■M 

■*-» 

■p 

+M 

4-» 






cd 

0 

cd 

X 

0 






X 

X 

x 

X 

X5 






0 

0 

0 

0 

0 






Pm 

Pm 

Pm 

Pm 

Pm 






0 

0 

0 

0 

0 




Pm 

u 

4-» 

M-* 

+-* 

+-* 

4-> 




cd 

cd 


-M 

+M 

+M 

-*-* 




0 

0 

cd 

cd 

0 

0 

0 






o 

0 

0 

0 

0 




U 

u 

CO 

CO 

CO 

CO 

73 



o 

05 

o 

o 

o 

rH 

05 

rr 


0 

x 

r— 1 

o 

o 

CD 

CD 

o 





CO 

CO 

CO 

CO 

CO 

CO 

co 


« > 










X ^ 










X 

b 

s 


o 

<M 

CO 

CM 


in 


co 

CO 

rH 

rH 

H 

rH 

H 

rH 

H 



£ 









0 & 








05 

.Jm T3 








4-* 


M /""v 








G 

cd 

3 c*> 

05 

05 

00 

o 

CM 


© 

0 

0 

5 w 

0< 

0< 

o< 

in 

in 

in 

in 

E 

0 

** 










. . 


















3 

03 

CO 

ilc 

O 

rr 

CM 

co 

05 

05 

© 

0 

0 o o 

CO 

co 

CO 

co 

CO 

co 

co 

£ 

Q cp w 








o 










*E 

0 

0 

Cm 








43 


3 








Du 

4M 








05 

Cd ^ 








o 

Pm pH 

in 

cm 

rH 

o 

o 

in 

t- 

g 

0 0 

ID 

lo 

m 

m 

in 

m 

m 

+-» 










< 

! 

5 









0 








j>> 

H 








T3 










3 










o 

00 








X 

00 

cn 

rH H 










M 3 

o 

o 

o 

o 

o 

o 

rH 


0 rtl 

o 

o 

o 

o 

o 

© 

co 


43 2 

05 

o 

rH 

CM 

CO 




s J 

o 

iH 

rH 

H 


rH 

r-H 











0 







0 


Q 







O 










+ 











s-» 

3 

O 

X 

0 

£ 

c 

o 

X 

0 

CD 

g 

CD 

0 


X 

0 

OT 

3 

« 

X 

5 

u 

0 

■*-* 

0 

E 

o 

G 

0 

G 

0 

X 

0 

X 

H 


K* 

© 

> 

O 

X 

0 

be 

0 

Pm 

0 

> 


u 

CO 

O 

X 

u 

Pu 

co 

S 

2 

> 

X 

0 

G 

x 

o 


G 

O 

■M 

CO 

> 

Pm 

0 

C/5 

X 

O 

X 

0 

a 


u 

3 

o 

X 


•S . 

o 
Cu + 

’C ^ 


O u 
co o 
X ‘E 
a 


• 

cd 

00 

Pm 

© 

X3 0 

X 

0 > 


G 0 

0 

•H 

2 c 

'w 

*§ s 

0 

C/5 ^ 

5 

G 

Pm . 

0 >5 

3 

0 2 

Pm 

E 0 

0 

M-J 

0 C 

L .g 

0 X 

•4M 

a o 

3 

Pm 

X 

o a 

73 

0 

■g a 

l « 

X 

G (/J 


G 

0 

XI o 
g X 


E * rH 

e 

Pm 'O 

0 

0 G 

0 

£ 8 

•M 

X X 

C/5 

G G 

G 

0 *H 

O 


+M 

0 

X __ 

G ? 

s 

•rM + 

P 


0 

W 

X 

Q ^ 

0 

Pm 

X 


X 

+ © 

73 

X © 

X 

0 


8 




TABLE 5. STS-27 ASCENT ATMOSPHERIC DATA TAPE 
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500 Millibar Height 
Contours at 1200 UT 
December 2, 1988. 

Continuous Lines Indicate Height Contours in Feet Above Sea Level. 

Dashed Lines are Isotherms in Degrees Centigrade. Arrows Show Wind 
Direction and Speed at the 500 MB Level. 

Figure 2. 500 mb map 2 hr 31 min before launch of STS-27. 
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Figure 4. 

Enlarged view of GOES-7 visible imagery of cloud cover taken at the launch of STS-27 
(1431 UT, December 2, 1988). Surface temperatures, isobaric parameters, and wind barbs 

for 1400 UT are also included. 
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Figure 6. STS-27 prelaunch/launch Jimsphere-measured wind speeds (FPS). 
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Figure 7. STS 27 prelaunch/launch Jimsphere-measured 
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Figure 8. STS-27 prelaunch/launch Jimsphere-measured in-plane component winds (FPS). 

Reference flight azimuth = 39 deg. 
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Figure 9. STS-27 prelaunch/launch Jimsphere-measured out-of-plane component winds (FPS) 

Reference flight azimuth = 39 deg. 
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